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author or organization involved, The Report, not a 

- publication in the usual sense, was prepared primarily 
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FOREWORD 


The Conference on Citrus Processing held May 9, 1951, in Winter Haven, 
was so highly successful in facilitating the exchange of information be- 
tweon the representatives of industry end of federal and state research 
ageucies, that it was decided to hold another in 1952, in the interin, 
citrus résearch has progressed and the citrus processing industry has 
expanded. Processed products are assuming an ever incr3asing role in 
the utilization of the citrus crops of the nation. Close industry- 
research cooveration is essential, The industry should be promptly 
informed cf ressarch developments in order that these may be applisd to 
improving the quality and quantity of its old and new food, feed, and 
chemical products, A conference affords a convenient msans of exchang=- 
ing this information. 


Like the preceding ons, the 1952 conference has been arranged by the 
Burscau of Agricultural and Industriel Chemistry of the U. 5. Department 
of sgriculture through its Ea office, the U. S,. Citrus Products 
Laboratory in Winter Haven / in cooperation with the Technioal Advisory 
Committee, the Citrus Products Research Council, the Citrus Experiment 
Station, the Florida Canners Association and the Florida Section of the 


Institute of Food Technologists. 


A program and abstracts of the papers to be presented oompose this report. 
For additional information on any subject covered, please contact the 

J $ 
author or organization concerned, 


ey One of the laboratories of the Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, U. S. Department of 
Agriculture, Administered by the Southern Regional Research Labora- 
tory, New Orloans, Louisiona. 
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CONFERENCE ON CITRUS PROCESSING 
Florida Room, Citrus Building 
Winter Haven, Florida 
May 27, 1952 


MORNING SESSION 


Chairman; John R,. Matchott 
Assets, Chief .- : . 
Bur, of Agric. & Inc, Chom, 
Washington, D,. C. 


Reviow of Citrus Research Program of Fruit end Veggtable 
Chomistry Laboratory, Pasadena, California 
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Status of Texas Citrus Processing Industry and Research 


W. Oy EUG TANG SE cos Cue ocd Fb ote ae Ue eo eRe RETARD eae eae 


Reszarch Rolated to Citrus Products at Wostern Regional 
Résedrch Laboratory, Albany, California 
Je Re Merit ey has cee Cha eee en eee S eae Vea S Ew ewe Pee ane hie 


Factors Affecting the Flavor cf Concentrated Citrus Juices 


fs We ee ee See Sle, tb eee hehe bw F LBORe Oe COR Te Cede Lees 
Recess for lunch 
AFTERNOON SESSION 


Chairman; M, K. Veldhuis 
In Charge 
U. S. Citrus Products Laboratory 
Winter Haven, Florida 


Imorovement of Qidslity in Single-Strength Juice 
p & 
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Flavor Changes in Canned Single-Strength Orange Juice During 
Stor age sind us ime eyes a 


Le Je WiLL Cpters sch eae ed GS OEE Wd OO E0S 8 eee Vaeks wee eee Sie ee en 


Recovery of Essénee from Citrus Juices 
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Pssctic Substances in Citrus Juices and Concentrates 
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Progross Report on Storage of Frozgér Conceritrate 


Ts. J KOWececescereesesr eee sebe se onseseeesenereccesecesesses 


Effects of Processing ond Storage Temperatures on Valencia 
Orange Concentrates 
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REVIEW OF CITRUS RESEARCH PROGRAM OF FRUIT AND 
VEGETABLE CHEMISTRY LABORATORY 
PASADENA, CALIFORNIA 
E. A. Beavens 


Nitrogsnous Constituents in Citrus Juices 
Sais, ter bo Urarteae Te ee 
Le B. Rockland and J. C. Underwood 
Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 


It has been shown by other workers that interactions between nitrogenous 
compounds, cerbohydrates, ascorbic and citric acids in citrus juices and 


ad hoc mixtures*“favor the development of off-flavors and darkening in pro- 


cessed products. Due in part to the unavailability of suitable analytical 
procedures, little has been known about the character of the nitrogenous 
constitusnts which compose almost 10 percent of the total solids in citrus 
juices, 


Using newly developed filter paper chromatography techniques, it has been 
possible to identify most of the major nitrogenous constituents in Valoncia 
and Navel orange, grapefruit, lemon, lime and tangerine juices. Orango 
juice appears to contain a larger array of free amino acids then was found 
with the other juices, and oach of the citrus juices contains characteristic 
types and emounts of these constituents, 


Using improved chromatography techniques, several new nitrogenous constituents 
have been found in the juice of mature Valencia oranges, These compounds, 
which have not been fully identified, are of particular interest because they 
are present only in the juice of the mature fruit. In addition, several other 
unidentified nitrogenous compounds have been detected only in the juice of 
immature oranges, 


Proliminary sxperiments indicated that the omounts of free amino agids in 
Oranges juico may vary with the maturity of tho fruit, For example, ons study 
showed that with Valencia oranges arginine and an unknown basic nitrogen come 
pound increased in amount as the season progressed, On the other hand, ” 
asparagine and another unknown constituent decreased as the fruit matured, 
Also, several tnidentified nitrogenous compounds were present only in very 
immature fruit. Quantitative moasuroments will be made to determine the 
relationship botwoen the concentrations of the various amino acids and the 
Sugar<acids ratios of the same juices to provide a basis for a new maturity 
test. 


' Quantitative filter-paper chromatography methods have been applied to fresh 
)and hsated juices of orange, grapefruit, lemon and lime for the determination 
of ths two sulfur-containing nitrogenous compounds cysteine and glutathione. 
Significant losses of both of these compounds occurred aftsr heating. Three 


additional compounds, which appear to contain sulfhydryl-sulfur, have been 


dstectsd on filter paper chromatograms of concentrates of fresh and heated 
lemon, lime, and grapefruit but not orange juices, 
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A study will be initiated on the effect of previously identified nitrogen and 
sulfur-containing compounds on ths formation of undssirable éolors, flavors 
end odors during the processing and storage of citrus juices. 


Publications 

Nitrogenous Constituents of Citrus Fruit Juices, L. B. Rockland, J. C.’ 
Underwood, and E, 4, Boavens, Calif, Citrograph 35(11):490-492, Sept., 
1950, 


Volatile Flav- ring Constituents of Citrus Fruits 


A 2 tsa aime Naha ae 


J, G, Kirchnor and J. M. Miller 
Fruit and Vegetable Chomistry Laboretory 
Pasedena, California 


A new method of chromatography has been developed for use in the s3naration 
and idéntification of terpenes, the main flavoring constituents of citrus 
fruits. The technique consists in plating on adsorbent mixed with a suitable 
binder on glass strips (1/2 x 5-1/4 inches ). Chromatography of the térpenes 
a8 then carrisd out in the same manner as filter paper chromatography, . The 
method is very sensitive and as little as 0.3 microgram of some compounds 
can bo detscted, “Unique color tests wore originated in order to locate 
Various Gompounds, These tests-also give indications of the structure of the 
compound, For example, ethylenic type double bonds, aldehydes, acids, ben= 
zene type structures, etc., are indicated by the various reagents, 


The value of these new methods has ben demonstrated on oils obtained from 
grapefruit juice, The fractions obtained by fractional distillation of the 
Oil from grapefruit wore examined chromatographically. ‘The complexity of 
these fractions showed that fractional distillation could not be relied on” 
to sharply separate the components from the small amounts of oil available, 

From fresh grapefruit juice five compounds have been isolated which appear : 
‘to be single compounds as judged by chromatography in five diffcrent solvents. 
A compound containing nitrogen end having a“grape-liks odor has bean proved 

)to be neither ethyl nor msthyl anthranilate. It may be N-methyl methyl 
anthranilato, 


3 

h 

re a. have been isolated in hie ial form from canned juice fractions, 
ea C 0, and a 0,,H,,0 compound. 

W 108 LG 2 10°18 


§ Five additional compounds have been isolated in pure form from the oil of 
. fresh grapefruit juice, oO ne a total of ten compounds isolated to date, 
— Enpirical formulas haves be established for seven of thess compounds and 
“physical constants have ee determined for a majority of thom, Twelve cém= 
“pounds havo bsen isolated from the oil of freshly camed grapefruit juice, 
Five have been definitely identified, two have been tsntatively identified, 
end empirical formulas havo been esteblished for four others, A fraction 
peoreeeed of polymers of highly oxygenated compounds hes been isolated, 
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Chromatographic studies using the chromatostrip method have led to the 
development ofa new method for separating terpenes from non=terpenes in 
essential oils, It has been demonstrated that a mixture of hydrocarbons 
(terpenes) and oxygen substituted hydrocarbons (non-terpenes) can be com= 
plately separated by a silicic acid adsorbent, Using this principle 

several essential oils including orange, grapefruit, and lemon have been 
dsterpened. Physical and chemicel data have beon obtained on several oils 
to indicate the completeness of removal of the terpenes, and to charaéterize 
the deterpened oils, The process has possible commercial application, 


Publications; 


A New Type of Chromatographic Column. J. M. Miller and J. G,. Kirchner. 
Analyt. Chom. 23(3):428-430, Mar., 1951, 


Separation and Identification of 2,4-Dinitrophonylhydrazonss of Aldehydes 
and Ketones, and 3,5=Dinitrobenzoates of Alcohols by Filtor Paper Chromato- 
graphy. R. G, Rico, J. G, Kirchner, G. J. Keller. Analyt. Chem. 23(1): 
194-195, Jan., 1951, me 

Separation and Identification of Terpenes by a New Chromatographic Technique, 
Je Gs Kirchner, J. M. Miller and G, J. Keller. Analyt. Chem, 23(3):420-425, 
Mar., 1951. = i 

What Gives Fruit a Flavor? J, G. Kirchner, U, S. Department of Agriculture 
Yearbook, Crops in Peace and War, pp, 251-255, 1950-51, 

A Now Method for “thé Preparation of Terpeneldss Essential Oils. J. G. 
Kirchner ond J. M. Miller. Ind. Eng. Chem, 44(2):318-321, Febe, 1952. 


Microbiology of Citrus Products 
E. R. Wolford 

Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 
s 
| Studies have been continued to determines the source of contamination, inci- 
» dence and sanitary significance of coliform organisms found in citrus pro- 
Bouts, Exeminetions were made of freshly pioked fruit, fruit from packing 
houses, fruit and juices from processing plants, and stored frozon concon- 
trates, Surface contsmination of packing house and processing plant 

equipment was studied also. 

a 
_ Escherichia coli organisms were not found on the surface of oranges 
ee elty hervested from nine groves during the 1951 season, However, on 
Occasions other coliform species were isolated from similar fruit, A low 
index of EB, coli (one cell per 37 om® of fruit surface) was recovered from 
at least one samplo of packing house fruit. Aerobactor and E, freundii 
Strains were found on other samples of packing house fruit. 
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E, coli organisms Were recovered more frequently from samples obtained from 
concentrate plants. For example, they were recovered from fruit teken from 
unloading trucks, storage bins, washed fruit and from extractors When water 
in the wash tanks was odequately chlorinated, no E. coli wore Pie on washod 
fruit. A sample of unchlorinated wash water contained 15 E, coli organisms 
per ml, er ar 


E, Goli was recovered on several occasions from each of tho following point 
in citrus coucentrate plants: juice from extrectors, evapor.tor feed aad 
eut back juice, 55° Brix cbmoentra-te and the final 4,30 Brix concentrate. In 
contrast to the 1950 scason, when the BE. coli index for similar samples was 
usually below 5 cells por 100 ml., the index for the 1951 sesson was above 
10 cells per 10) ml. in two-thirds of the samples containing E, coli, The 
presence of softer fruit during the past season may have accounted for this 
increased incidence. In past sensons it was observed that BE, coli wes more 
prevalent in the soft, late season fruit, i3 


Surface checks of plant equipment showed that fruit storage bins are frequent= 
ly conteminated with BE, coli, Over half of the swab toasts made from bin sur- 
faces were EB, coli positive. Truck beds, elevators, conveyor belts and un= 
chlorinated wash tanks were also found to harbor this beactorium, 

In storage studies E. coli was found to survive up to two years in one lot of 
frozen orange concentrate containing « high eons coli index. During sto- 
rage at 0° to -10° F, the index dropved from 540 to 7 cells per 100 ml. In 
Other lots of stored frozen concentrate having lower coli indices the 
organisms disappeared in much shorter times. 


Comparative studies have been in progress on the use of boric acid broth 
versus standard lactose broth as presumptive media for the sons unmeas of 
E. coli from citrus products. Parallel tests run on 2,271 tubes of sach 
medium indicated the boric acid broth gavs best results, 


Time-Temperaturs Tolerance Studies 
a aT ae ee 
R. Je McoColloch, G. J, Keller and R. Gs Rice 
Fruit and Vegetable Chemistry Leboratory 
Pasadana, California 


During the past yoar studiss were initiated on the timo-tomperature tolerance 
of frozen citrus concentrates. 


Three large lots of commercial frozen orange concentrate obtained from dif 
ferent plants in this arse are now undergoing storage tests that simulate 
the time-temperature conditions which may be encountered in storage and dis= 
tribution, including freighting, warchousing, retail handling and consumer 
use, Both normal end abnormal conditions of temperature have been employed 
during simulated freight and retail handling. Samples ere carriéd over from 
one temperature history to all subsequent temperature conditions, In this 
mamner the cumulotive as well as the imicdiate effects of a particuler tem 
_ perature history are being investigated, 
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Additional studies will bo made of the effect of temperature of storages at 
eonstant temperature and of the effect of very slow recooling from elevated 
temperatures as might occur when samples, warmed during shipment, are closoly 
stacked in commercial warehouses, 


The principal physical and chemical changes under study are: pectic substances 
in conjunction with "cloud=loss", pectic enzymes, titratable acidity, ascorbic 
acid and carotene. Microbiological studies are made of variations in total 
count and coliform counts, Flavor evaluation is made by triangular tasto= 
testing covered in a separate abstract, 


Preliminary evidence indicates that most chemical factors undergo littlo change 


during storage. The stability of "cloud" in orange concentrate decreases with 
length of storage, and brief exposure to tewperatures above 20° F, causes 
abrupt losses in "cloud", The pectic changes associated with "cloud-loss" 
appeer to be complex in nature and much additional information must be gathored 
before a°clear understanding of these changes and their mechanism will be 
possible, 


Flavonoid Constituents in Citrus Fruits 
W. B, Davis 
Fruit and Vegetable Chemistry Laboratory 
Pasadena, California 


During the past year research on flavonoid constituents has begn concorned 
chiefly with the development of satisfactory procedures for the identifica- 
Gion and separation of known purified flavonoids arid related substances using 
one and two dimensicnal chromatographic techniques. As improved methods were 
perfected for the determination of known compounds they were applied to the 
enalysis of juices and tissues of citrus fruits to gain a knowledgé of their 
flavonoid composition, 


One important result of the work on pure flavonoids, which involved ths 
testing of many solvents, staining reagents, and substances capable of dise- 
solving flavonoids without decomposing them, was the development of a method 
for ssparating puro flavonoids into calsses, This was an important develop- 
mont since the number of naturally’ occurring flavonoids is very large. 


Using these improved chromatographic techniques naringin and hesperidin have 


- been the only flavonoids positively identified in citrus fruits, However, 
) investigations have shown that a number of unidentified flavonoid-like com= 
® pounds are also present in citrus fruits. In gensral, the juice and flavedo 


“4 


contained more of these compounds than were found in the albedo, although 


» those found in the albedo were prgsent in larger quantities. Groen fruits 


appeared to contain the largest numbers and emounts of flavonoid substances, 
Results so far obtaingsd indicate as many as ten flavonoid=like substances 


"may be present in citrus fruits. It will bo necessary to isolate the indi- 


vidual flavonoids in sufficient quantities to permit studies of their chemical 
'cheracteristiégs ani to determine their effect on the quality of processed 
Citrus juices, Results of préliminary chromatographic work on pure flavonoids 


pwill aid greatly in this work, 


- 6 =- 


Past studies heve been concerned largely with grapefruit and oranges, However, 
Since lemon products are becoming increasingly important in Southern California, 
and the darkening of these products has bsen attributed to the ection of 

| flavonoia substances, future studies will bo dirocted toward a solution of 

this important problem, 


ee ee a 


Flavor Fortification and Production of High Density Citrus Concentrates 
| G. J. Keller and R. G. Rice 
q Fruit and Vegetable Chemistry Laboratory 


Pasadena, California 


SY 


Previously reported investigations demonstrated that tho volatile flavor and 
aroma of orange juice are due principally to essential Oils, and it is the 
loss of these oils during evaporation that couses a concentrate to be defies 
Gient in flavor, It was shown that when cut-back juice is used to restore 
flavor and aroma to concentrates it does so because it contains relatively 
large smountea of these oils, and that when large amounts of oil are present 
in juice it is primarily derived from the peel of the fruit. It was successe 
fully demonstrated, therefore, that peel oil itself, or materials rich in peel 
0il such as puree, could bé used to restore flevor and aroma to coneontratos 
in place of cut-back juice. The use of peel oil was shown to offer not only 
the advantages of improved flavor control and increased production, but since 
theses materials do not dilute the product, higher concentrations than the con= 
ventional 4 to 1 fold wer possible, 


During the past ssason higher conesntrations of 5 to 1 and 6 to 1 fold have 
been successfully prepsred using peel oil to restores flavor to the product, 
Th3se products haves been prepared by adding cold pressed pesl oil to concen= 
'tretes just as they come from the evaporator, and excepting where sugar was 
added to adjust the sugar-ac¢id ratio, nothing else was needed to prepare pro= 
dicts of acceptable quality. In all cases sufficient oil was added to provide 
0.007% (by volume) racoverable oil in the reconstituted juices. 


A similor procedure produces both grapefruit and grapefruit-orange blends of 
mS comparable quality at 5 to 1 and 6 to 1 fold concentrations, 


Samples of 6 to 1 concentrate have been placed in storage, and when compared 
) periodically over a period of 6 months with equivalent 4 to l-samples thore 
)has been no differonce in flavor by statistical taste testing, Othor samples 
ere currently being tested for acceptance by the armed forces, 
tt cen be shown that 6 to 1 fold concentrates pcesess several advantages over 
the conventional 4 to 1 products. For exemple: all evidence so far indicates 
less tendency to clarify and gel during temperature elevations; the higher 
mconcentrations dre more easily rsconstitutod beceuse they ara not frozen as 
ee at 0° F.s; on the same equivalent fresh juics basis less refrigeration 
is required to reduce the temperature of the product; fewer containors are 
‘required (only 2 cens are nesded for a 6 to 1 where 3 cans aré used for a 
4 to 1); and less product must be handled, stored and shipped, 


| 


if 


A 


i 


itiw vyto's Lesiadl ; eeillaiiiiisiahed sree 
sth ete “ace ot em ate 

i oot Bory vane to 5 . 
of [lan selidte oot perry Be 
, santana! 


Se had. Saeed fa Pun ) 
° ~ . - eae Or te tele mm se a 7 
: - Da 
» i 2? oY 
isadverey Late Taree 
“tr I 
P 4 


iiooph oroltos hack pedal 
vilectenie oe ata engay 
> ftatd a cspaere smh elie 
“d ; yh del pwede gow @T 

& al bof sede rao e? » 4g: 

f i3 aree «of ito ¢s vee $0.4 

4 ach a ‘ oy 

’ ‘ we art tray qh 

Kt- Lio tooy se ,oseeortadd hake 
Y Rewis 1 £ PLUGO oom # 

Z . ols? gsot=eoes 

aficoe sovalk bo vegtial Se a 

8 + edwiih den of, ei 


| Por otihen 
[eam Wiknny 


a 2 * oe ee i . FP 3 "Sy ot > >. i ot 
nom 4 fo BAdeeq » Steg 


- ot : fovea, ih2 get “22ST ER 
in toeono: got Bisdioe ania 


reds 7 Ff ot B dach trey 
i" go fore t we S Lone 
oaytmbl Boda won “twats ot 


fo 


tification of California Frozen Orange Concontreto. R. G. Rice, 
ller, ond E, A. Beavens, Food Technology, 6(1):35-39, Jone, 


Se ae CC: 


alist 


STATUS OF TEXAS CITRUS PROCNSSING INDUSTRY AND RESEARCH 


by 
; W. C. Scott 
U.S. Fruit and Vegetable Products Laboratory 
Weslaco, Texas 

A year ego I presented to you a rather dark picturo of the Rio Grande Valley 
following thse disastrous freezes, Thé ensuing twelve months heve brought to 
lignt nothing to improve tho prospect, Planting has been slow due to shortage 
of nursery stock, to profitable use of land for cotton, feed, and vegctable 
crops, and the desire of ownsrs to improve the land for most efficiont drainage 
and irrigation before replenting. Water scarcity clso has prevented replenting 
in the spring of 1952, 


As forecast last year, procuction of fruit amounted to less than half a million 
boxes during the past season. We anticipate no more than a million boxes in 
1952-53, with perhaps five million boxes being reached by 1985-56, Plantings 
will probably be in ths neighborhood of one million trees a year, predominantly 
Ruby Reds. 


First problem facing the processing incustry whon fruit again bécomes available 
will bo the utilization of red fruit in single strength cenning. Normal com= 


mercial methods of canning and storage have resulted in an unattractive, muddy= 


appearing juice. Such juice once brought 9 promium merely because it was 


9 
dabslad as being from red grapefruit, but in only oa fow markets is it still 


accspt2ble even at a price equal to thet from white juice, 


Three methods of approach to the problem have bean considsred-in our research 
program, The “first and simpl3st msthod is the removal of color-bearing sus- 
pended matter, Mild centrifuging of normally extracted juice, plus blending 
with as little as.10 vercent pulpy white juice, will give oan attractivoa juice 
barely distinguishable from that of white grapefruit. 

The second msthod of approaching the problem has been that of adding color. 
This is not as simple as it might sound, as the cortifisd food colors from 
@cal tar end the vegetable colors we have tricd have all faded when stored 

in tin cans, Although colors hold fairly woll in snamsled cans, flavor of 
the juice deteriorates, The aidition of color would probably not be accept- 
able to the Food and Drug people; nor to the industry, because it would permit 
competition from uncolored fruit. 


The third ond most difficult mathed of approach has becn to try to retain full 


‘color of fresh juice, Red coloring matter of Foster Pink and Mersh Pink was 
Videntified by Matlack in 1935 2s lycopene, We undertook to repeat his work 
for three reasons: literature rovealed no corroboration of his stucisos; new 


varioties negded checking to prove assumption thet color is the sams, ond a 


“method will be required for quantitative studiss of color contents in future 
“seasons when fruit sunpliess become more plentiful. 


Since lycopene is insoluble in aquocus media, it londs color to juice only 


“when atteched to suspended solid matter. Methods of recovering oolor from 
finisher wastes end dispersing it in screened juice are being triec, but 
have not yot proved successful. 
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fruit forestalls possibility of a concentrated juices incustry in the 
for some years to come, However, our investigations have been con= 
on a limited scale, Gelation and loss of cloud in unpastourized con= 
te continue to appear less of a problem then in Florida, There is no 
9 sweeten grapefruit concentrate, and concentrate from pink and rod 
holds its color perfectly for at least two years, Tot-pack concen= 


RESEARCH RELATED TO CITRUS PRODUCTS AT WESTERN 
REGIONAL RESEARCH LABORATORY, ALBANY, CALIFORNIA 
Dr. John R, Matchett, Asst, Chief, 

Bureau of Agricultural ond Industrial Chemistry, 
Washington, D. C. 


The Carotenoids in Valenc Gia Orange Juice 


A. Laurence Curl 
Western Regional Research Laboratory 
Albany, California 


There is evidence thet the off signe which develops on storage of canned or 
powdered orange juice may originat at least in part, in the lipid (fat) 
fraction, Our ultimate Snjeonerars i to isolate the individual lipids in tho 
same form that they occur “in the juice, md determine their roles in the 
development of off flavor, The initial work has bean on one frection of the 
lipids, the carotenoids, which are the principal pigments of orange juice. 
Several of the carotenoids have Vitamin A activity. 

In Valoncia oranze juice the lipid fraction amounts to about 9.06 pdroents 
the carotenoids are about 2 to 3 percent of the lipids, or earsund 0,9015 pere 
cent of the juice, Saponification of ths lipid fraction removes about 70 
percent of the non-carotenoids Nea. phospholipids, etc.), and converts the 
“carotenoid esters (which amount to a bout 3/4 of the total cerotsnoids) to 
elcohols, 


We have been studying the separation of the carotenoids of Valencia orange 
guice using a 100=tube Craig countercurrent distribution epparatus, With 

the saponified material, a clean-cut separation into 4 main fractions has 
been accomplished, These are apparently hydrocarbons, alcohols, diols and 
polyols, By the use of the Craig machine the diol fraction has been pare 
tially separated into 3 components, the polyol fraction into 4, Chroma- 
tography of the hydrocarbon fraction indicated the presence of four consti-= 
tTuents, three of which have been tentatively iAontrind by thoir absorption 
Bpectra as alpha, beta, and zeta carotencs, The absorption curva for the 
Palpha carotene fraction indicated the presence also of phytofluene, a color- 
)less fluorescent polyone, The alcohol fraction has been separated chroma= 
"tographically into two components, one of which appears to be crypotoxanthin, 
‘Similarly tho diol fraction has been shown to contain at least six constituents. 
'The work so far has indiceted the presence of at least sevontsen constitusnts 
“in tho snponified carotenoid fraction. 


Expansion of the 100-tube Craig apparatus to 200 tubes, which is if progress, 
should be very helpful in further resolving the carotenoid mixture, 
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Rapid Heat Processing of Fluid Foods by Steam Injoction 
J 
A, i. Brown 
Western Regional Research Laboratory 
Albany, California 


Work was undertaken to improve existing methods for the short-time, high- 
tomperaturs, heat processing of fluid foods such as fruit and vegsatable juices 
and purses, Pesteurization, sterilization, enzyme inactivation, deodorization, 
volatile flavor stripping, and/or concentration without impairment of quality 
were among the rssults sought, 


A processing system, incorporating direct steam injection heating, has been 
dsvslopsd and tested on a pilot plant scale, Tho injection heater will heat 
fluids to 3009 F., or more in 0.5 second or less at practical processing rates. 
With the entiro system, fluid foods may be heated to 300° F,, concentratéd, 

and cooled by vacuum evaporation in elapsed times of less then 1 second, 
Flavor changes have been insignificant when several fruit juices and milk wore 
heat-processed to attain desired results. 


The evaporating section of the processing system shows high resistance to 

fouling of heat transfer surfaces, ond high heat transfer coefficients, With 
fruit juices and berry-sucrose puree (30% solids), overall heat transfer : 
coorficients of 509 to 600 btu/hr -sq.ft.-°F. wer? obtained in the evaporator, 


‘Promise shown by the single-pass, rapid evaporator justified further develop-= 


mont of the equipment. In consequence, an evaporator with 8 times the capacity 
Of the initial model has been constructed and is under test. To date, psrfor- 
mance of the large svaporator exceeds that of the small evaporator by a con» 
Sidereble margin, 


Three commorcialescale installations have bcen made as a result of this work, 
end have successfully processed tomato juice, apple juice, and peer puree, 
Howaver, performence of both pilot plont units exceeds that of the commercial 
installations, indicating the need for further development work for transla 
ting the equipment from pilot plant to commercial scale. Suitability of the 
6quipment under development also remains to be determined for the processing 
of a variety of products, particularly those difficult to proogss, such as 
Gitrus juicss and puregss. 


Publications: 


Flash Heat. A. H. Brown, M. E. Lazar, T. Wassérman, We D. Ramage, Food 

Packer 32(1), 20 (1951) and 32(2), 54 (1951). resiaen ee 
Rapid Heat Processing of Fluid Foods by Steam Injection. A. H. Brown, M, B, 
Lazar, T. Wassorman, G. S. Smith, M. W. Cole, Ind, Eng. Chem, 43, 2949 
(1951), 
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| FACTORS AFFECTING THE FLAVOR OF CONCENTRATED CITRUS JUICES 
. by 
F, W. Wenzel 
| Florida Citrus Experiment Station 
) Lake Alfred, Florida 


Frozen concentrated orange juice, since its commercial production bogan in 
1946, has been a high quality, standardized product, retaining the flavor and 
nutritional characteristics of fresh fruit, Also from the consumer's point 

of viow it is convenient to handle, reasonable in price, and availeble through- 
Out the year. These are the reasons why more oranges are being utilized each 
yeer by citrus concentrators, 


4 


64 eee 


The continued acceptance and incrsased consumption of concentrated citrus 
juices, either frozen or heatetreated, will depend upon the maintenance of 
good flavor qality in these products, Anything that results in a lowering 
Of the flavor quality in citrus concentrates will be detrimental to the sale 
of these products upon which total crop utilization depends today. 


There are many factors that will affect the flavor of concentrated citrus 
juices, Such factors may be listed in three groups, (a) fruit factors, 
(b) processing factors, and (c) storags factors. 


The flavor quality of most procsssed food products, whethor fruit, vegstublo, 
Or méat, is dependent upon the flavor quality of the raw or fresh product 

) used, Good flavor quality in orange concentrate will not result if poor 

) quality oranges aro used, The variety of fruit used, as well as its degree 
of maturity, will influence the flavor that results in the concentrated juice, 
The use of fruit internally infected with mold or bacteria will result ina 

» finished product of poor quality, 


Processing procedures affact flavor quality of citrus concentrstes,.” Fruit 
should be processed as soon as possible after it has been harvested, Juice 
extraction and finishing procedures, resulting in excessively high juice 
yields, will extract substances from the fruit that will lowsr the flevor 
quality of the concentrated juice, Experimental results have indicated that 
_ portions of citrus fruit, other than the juice from within the juice sacs, 
) will affect flavor of concentrate, Inclusion in the product of excessive 
amounts of peel oil, peel and rag oxtractives, or seed extractives are detri- 
"montel to the final flavor quality. 


we 


"The use of heat treatmont prior to, during, or ofter concentration of citrus 
concentrate will result in flavor changes in the product, the magnitude of 
the flavor change being depondent upon such factors as tempereturse used, 
heating time, type of equipment used, portions of whole fruit that are in 
” the juice, and also others, Heat treatment can be used to inactivate pectic 
enzymes, that cause such ‘objectionable changes as clarification and gelation, 
but sufficient experimental data are not yet available to indicate that this 
may be done without at the same time causing flavor changes that will result 
4 in products of lower flavor qality than that of frozen citrus concentrate 
made from juice that has not been heat treated, Heat treatment of juice prior 
to oveporation may also be used to destroy bacteria that can grow in juice 
in evaporators during the initial stages of concentration and thereby produce 


— such off flavors that the product must be discarded. 


\3 
4 ee 


Flavor deterioration that may tako place in citrus concentrates during storage 
is caused chiefly by cither chemical or microbiological chang2s, Tompcrature 
of storage is the most important factor in controlling these changes; however, 
the storags time is also significant. Heat-treated concentrates for storage 
et 40° F, must be more stable to oll types of changes than frozen oitrus con- 
contrate provided tho frozen product is stored continuously at 0° F, or below, 
It has not yot been proven that flavor changes during storage at 0? F, or 
higher temperatures ore caused either by snzymes normally present in the 

juice of by enzymes produced from bacterial growth, Physical chenges, gela- 
Gion ond clarification, occur in frozen citrus concentrates when these products 
are not stored properly, but it is doubtful that the pectic enzymes, pectines= 
terasc, that causes these changes will bring about any flavor detsrioration, 


Rosearch projects are underway at the Citrus Experiment Station, Lake Alfred, 
Florida, that should result in experimental data that will be of assistance 
in solving some of the present unanswerable questions concerning the mony 
factors that may affect the flavor of concentrated citrus juices, 
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IMPROVEMENT OF QUALITY OF SINGLE-STRENGTH JUICES 
- by 
R. D. Robinson 
Dr. P. Phillips Companies 
Orlando, Floride 


There is an old saying that you cantt make a silk’shirt out of a sowts ear, 
neither can you make good juice out of poor frvit. 


There is a groat deal of single-strength juice camed early from packing house 
eliminations, That is to say, fruit that did-not come up to fresh fruit stan= 
dards is processed into singlo-strength juice, Most of this fruit goes through 


ethylene gas chambers anywhere from 42 to 72 hours. Tho fruit is graded out 


from the packing house operotions and conveyed into a canning grade bin. The 
following day, the fruit is moved to a processing plent and probably it stays 
in the bins of the processing plant another day, arid by the time the juice is 
extracted and processed the flavor isntt very good, In fact, I hava tasted 
juice in which I could detect the ethylene gas from the coloring rooms, 


I would say that a large percentage of fruit processed after the lst. of December 


is of a very good quality when first canned, but the juice is pasteurized from 
tempersturss of 185° = 200° F,, then cooled down to 90° - 125° depending on the 
facilities to properly ccol the cans at the various plants, The reason for 


isaving the juice at these temperatures is apparently to dry off the moisture 


from the tin cans, so that they won't rust, but after the labels are applied, 
the cans are packed into corrugated cartons and stacked clossly togethsr ina 
warehouse wheres it takes about thirty days for the merchandise to cool down to 
room temperature, A great deal of damage is done to the juice on account of 

the slow cocking it recoives during the thirty days period, In my opinion, the 
juice could be cooled down to lower temperatures after closing, say to 70°, 
using mechanical refrigeration to do it, and mechanically drying the cans rather 


‘then having to depend on internal heat to dry them off, 


A new extracting machine has recently been developed which is a very efficient 
Machine, but in my opinion, many operators ere trying to get too much yield out 
of a box of fruit, I believe that the quality of single-strength juice could 
be improved by letting up a bit on this extracting operation, thereby getting 
a slightly lower yicld but improvement in the flevor, You understand, I am not 


"condemning the-machine, I am simply condemning the misuse of the machine in 


Ms 


some instances, 


Another thing, canned goods are sometimes stored in Florida in hot warehouses 
in the swmer months during which time the temperaturss ere all the way from 
85° = 100°, end this too is injurious to the flavor, It is very desirable to 
maintain temperatures at around 70° during summor storage. This ean be done 


by properly insul-ting the warehouse and installing mechanical refrigeration 


if necessary to-do the job, This will go a long way in retaining good flavor 


_in the products, 
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FLAVOR CHANGES IN CANNED SINGLE-STRENGTH ORANGE 
JUICE DURING STORAGE 
; by : 
Tyle J. Swift and C. W. Huskins 
U. S. Citrus Products Laboratory 
Winter Haven, Florida 


By way of introduction, past work at the Winter Haven Station and élsewhere 

is reviewed to give background material for the new work presented, In this 
pars of the talk, the possible mechanisms that cause the sharp, characteristic 
flavor to develop in orange juice on stcrage are discussed, Among thess ex- 
planations are the inclusion of oxygen when the cans are closed, changes in 
pesl oil, and changes in the lipid fraction, The first of these, the inclu- 
sion of oxygen, has boen generally eliminated as a cause, Some conflicting 
Opinions have boen expressed with regard to pesl oil, It is generally con= 
Sidered a necessary and desirable flavor constitusnt of fresh juice, but is 
considered by many to be the origin of the characteristic stornge off-flavor.e 
Among ths cxplanations of this phsnomenon is the belief that the d-limonene 
changes to tho l-form, to 1,4-ciniole, or to carvone and carveol, As to the 
role of the lipid, earlier work in the Winter Haven Laboratory showed “that 
this substance gave rancidity reactions when isclated from aged juice, More 
recently, the lipid has been analyzed and different fractions of it added to 
whole juice, filtered juice, and synthetic juice in an offort to identify what 
part, if any, was responsible for the typical off-flavor, Thess exp2rimental 
packs were stored at 35° F,. and 80° F, for varying periods and included addi- 
‘tions of phosphatides, ethanolamine, choline, whole peel oil, 10-fold peel oil, 
and terpenelsss peel oil and are briefly reviewed here, having been coversd in 
previous talks, 


The rosults of new work on synthetic juice are given, Additions have bosn 
made of the whole lipid, lipid unsaponifiable matter, lipid fatty acids, lipid 
volatile, carotene, d-limonene, d-limonsns plus carotene, and the volatils peel 
Oil ocnstitusnts, The results of these exporiments indicate thet some con-~ 
stituent of the peol oil, possibly the d-limonens, plays an important role in 
the production of ths characteristic off-flavor, However, this conclusion is 
complicated by the fact that whole juice deteriorates much faster ond more 
profoundly than codés filtorsd juice or synthetic juice containing the seme 
amount of peel“oil, Hence, it seoms likely that the lipid mattor may oxert 
much influence, Possibly, ‘the suspended matter of whole juice simply keapé 
_the peel oil dispsrsed and thus enhances its offact by maintaining contact, 
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RECOVERY OF ESSENCE FROM CITRUS JUICES 
Byes te bs 
D, A. Morgan and M. Ke Veldhuis 
U. &. Citrus Products Laboratory 
Wintor Haven, Florida 


Adaptations of the essence recovery equipment developed by the Eastern 
Regional Research Laboratory for apples, grapes, and other fruits have been 
tried on citrus fruits, 

The first work done at this laboratory stripped the orange juice at atmos= 
pheric pressure, A water soluble, aromatic material, designated here as 
essence, as well as a peel oil fraction were obtained. However, the times 
and temperatures used to strip the orange juice of sroma were too drastic 
for hoat sensitive materials and the orange juice devsloped a cooked flavor. 


In recent work at this laboratory a vacuum system hes been“used which ws 
also developed at the Eastern Regional Research Laboratory, The orsenge juice 
was stripped at 110-1159 F, Vapors were condensed, the pesl oil decanted and 
the aqueous layer rovaporized. A product was obtained by fractionation of the 
Hauouer vepors in « packod column, All vent linss led to a’manifold, and exit 
gases were scrubbed with cold fractionating column bottoms, The liquid used 
for sorubbing was mixed with condensed vapors from the first vaporization and 


recycled, All gases.and vapors coming from*thse scrubber wers passed through 


dry ice traps to condense additional vapors, 

In operation, approximately 10 porcént of the orange juice was vaporized. 
Of this 10 percent, approximately 6.5% was finally removed as product, 
giving sn essence of about 150 fold. : 


The character of orange essence, like that-of apple, is found to vary with 
the veriety of citrus used, Pineapple oranges, Valencia oranges, tangerings, 
grapefruit and Meyer lemons each have a distinctivo essence. 


Essences of citrus fruits appear to be stable when stored in glass bottle 
eG 35° Ff, Samples of Valencia orange essence prepared by atmosphsric 
stripping were not noticeably different after five yaars storages from ese 
sences of the seme variety of orangss recently prepared by vacuum stripping. 


Orange essence, when added in normal amounts to orange concentrate, becomes 
organcleptically undetoctable in the reconstituted juice after about six 
months of storage at O° F, A residual effect noted was a heightening of the 
peel oil taste of the reconstituted juice. 


Tho variation of strencth of esssnce with oil content was also investigated, 
Juice was derived from the same lot of Pineapple oranges. The recoverable 
011 content of the whole fruit puree was 0,880 percents; of the machine ox- 
tracted juice was 0,024 perosnt; of the hand renamed juices was 0,006 percent; 


and of the juice considered free of peel oil, 9.004 percent. In this last 


i] 


4 


juice, the oranges were plumped in hot permanganate solution, and the per- 
manranate finally removed by sulfite solution. The orange juice was then 


Bm oxtracted from the orenge balls, 
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The orange juices by these various methods of extraction were passed twice 
through the essence unit, essence and trap condensate boing obtained for each 
pesse The fold of concentrations was calculated by dividing the amount of 
juice used by the sum of the volumes of the essence and trap condensate, 


All essences and their corresponding trap condeisates were adjusted to the 
same fold of concentration with distilled water, The adjusted essences and 
trap condensates were then rated by comparing the dilutions at which odor: 
was last detected, 

Comparing similar essences from diffsrent juices, it was found that the 
Strength of the water soluble essenc3s ranked with the oil content of the 
juice from which it was derived, 


Comparing essences derived from consecutive passes, it was found that not 
all of the aroma is stripped in one pass of 10 psrcent vaporization, The 
essences of ths second pass were approximately half the strength of the 
corresponding sssences of the first pass, 
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PECTIC SUBSTANCES IN CITRUS JUICES AND CONCENTRATES 
“by 
- W. Huskins 
U. S, Citrus Products Laboratory 
Winter Haven, Florida 


Because of tho gelation problem in frozen orange coneantrate, there has doe- 
veloped a neéd for a quick and simple method for determining poctin in citrus 
juice, S. M. Stark, Jr. of the Southern Regional Ressarch Laboratory de- 
veloped a colorimetric msthod for determining pectic substances in cotton i 
fiber (Anal, Chem, 22, 1158, 1950), He based his ‘work on that of Z, Dische, dre 
(Biol, Chem. 167, 189, 1947). Ee. A. McComb and.R. M. McCready of tho Wostern 
Regional Research Laboratory modified the method for determining pectic sub= 
stances in fruit juices, This mathod has been applied to concentrated citrus 
juices arid examples of the estimation cf both total and soluble pectin are to 

be given, 


The method depends on the decomposition of the pectic substances with concen= 
trated sulfuric acid and the férmation of a colored compound with carbazole 
and tho decomposition products, The method is vary sensitive, detecting and 
measuring pectic substances in microgram emounts, We have found this is the ~ 
best method available for determining psoctic substances in orange concentrate. 
It is faster end easier to run than the Carre! Haynes psctate method. 


PROCEDURE 


Extracting Pectic Substances from Orange Concentrate: 


(1) Total Péctin - A 10 gram semple of concentrate (42° Brix) is weighed 


into a 50 ml, graduated centrifuge tube. A 25 ml. volume of othyl alcochol 
is added, the juice and alcohol thoroughly mixed, allowsd to stand a fow 
minutes while the pecti¢ substances precipitate, and then centrifuged for 

10 min, at about 4000 R.P.M. The liquid is decanted arid tho precipitate 

and pulp washed twice with a 2-1 aleshol-water mixture, he praéipitate 

and pulp are carefully broken up and suspended with each washing, after the 
last washing, the precipitate and pulp and taken up in about 60 ml. of water, 


“2ml,. of 10 percent verseno added and the mixture heated for 45 min. on a 


steam bath, Tho solution is then diluted to 100 ml, in a volumstric flask 
and filtere2, A 5 “ml. aliquot of ths filtrate is then diluted to 100 ml. in 
& volumetric flesk,° A 2 ml. aliquot taken for analysis by the carbazole 
méthod represents 90,01 srams of 42° Brix concentrate. 


(2) "Soluble" Pectin - (Soluble pectin in this case may be defined as the 


pectin or pectic substances that is filterable through a No, 1 Whatman filter 


papers) A 10 gram sample of orange concentrate (42° Brix) is weighed into a 
60 ml. graduated centrifuge tube, The 10 grams of concentrate are then diluted 
to tho 50 ml. mark of the centrifuge tube with distilled water and mixod well.” 


It is then centrifuged and the ssrum filtered through a filter paper. A 15 ml, 


aliquot of the filtered sorum is pippetted into a 50 ml. centrifuge tube and 


5 
“s 


f 


35 ml, of alcohol is added. The alcohol ond juice serum are mixed thoroughly 
and allowsd to stand a few minutes. It is thon centrifuged for 10 min, at 
about 3000 R.P.M,. and the clear serum decanted from the precipitate, The 
pracinitate is washed with a 2-1 alcohol-water solution, being careful to 
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break up the precipitate and suspend it in the wash solution. “After the 
washing, the pectic substances are taken up in about 15 cc of ,05 N 
sodium hydroxide, “allowed to stand 30 min. at 25-30° C, and then diluted 
to 109 ml. volume. “A 2 ml. semple taken for analysis by the carbazole 
method represents 0.06 grams of 42° Brix concentrate, 


Reagents 


Ethyl Alcohol, purified, Keflux 1 liter of reagent grade, 95 percent ethyl 
“gleohol rth 4 grams of zinc dust and-4 ml. of 1-1 sulfuric acid at 
least overnight (preferably 24 hours), Distill, using all-glass appa- 
ratur. Redistill from zinc dist and potassium hydroxide, using 4 grams 
of each to 1 liter of alcohol, 


Carbazole, roagont grade recrystallized from toluene, Dissolve 180 mg, of” 
“the recrystallized carbazole in purified alcohol and dilute to 190 ml. 


Sulfuric Acid, reagont grade, 


Galacturonic Acid, monohydrate. Recrystallized from ethyl alcohol. 


Sener 


Development of Color = By means of a measuring pipette, calibrated to deliver 
i ul,, pipette this volume of sulfuric acid, 95 percent, into a test tube 
(25 x 200 m.). Immerse the tube (or tubes). in icé water until the tsmpora- 
ture of the acid is cna, 3° C, Add accurately 2 ml, of the solution of pectic 
substances extracted from orange concentrate, Close the tube by inserting a 
ml, beaker in the mouth and mix thoroughly. Replace the tube in the ice 
vater and recool to ca, 3° C, Then heat for 10 minutes in’a boiling water 
Gath, Cod] rapidly to Cae 20° C., add 1 ml, of a 0.1 percent solution of 
cerbazolo, ee. roughly and let stand -- read “he color using a 520 mu 
filter after » The reading time is important and for this 
reason no more then 8 tubos should be carried through the procedure at one 
time and the carbazole should be added to all the tubes before any are mixed. 


Proparation of a Standard Curve - Weigh accurately 1090 mg. of galacturonic 
acid monohydrate into a 1 liter volumetric flask and made to volume, Take 

5, 10, 15, 20, and 30 ml, aliquots and dilute to 100 mi. Two ml. of cach 
of those fi lwhi-ons will contain 10, 20, 30, 40, and 60 micrograms of G, A, 
Develop the color standard by treating 2 ml. aliquots as described for the 
semple solution, Two ml, of sample plus 12 ml, of concentrated sulfuric 
acid plus 1 ml, of purified ethyl alcohol should be run as a blank colori- 
meter setting; a blank of 2 ml. of water, 12 ml. sulfuric acid, and 1 ml. of 
garbazole solution should be carried through from time to time, it shoulda 
have a transmittance of about 95 percent, For the standard curve, plot log 
transmittance against concentrations of anhydrogalacturonic acic, To obtain 
enhydrogalacturonic acid multiply the moncshydrate by their molecular weight 
ratio, 176/212. 


This method has“been applied to a few samples of concentrates ena: some 
commercial lots, Somos variations in total pectin have been noted, but the 
veristions in soluble pectin have been much wider, These saudhee: are 
continuing. 
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PROGRESS REPORT ON STORAGE OF FROZEN CONCENTRATE 
by~ 
‘ Theo J, Kew 
U. S. Citrus Products Laboratory 
Winter Haven, Florida 


The study of storage temperature effects on frozen citrus concentrates was 
undertaken as a cooperative project bétween the Minuts Maid Corporation and 
this laboratory in the 1949-50 season, Frozen concentrates of orange juico, 
grapefruit juice, tangerine juice, and blended orange end grapefruit juices 
were stored at =20°, -8°, 9°, 5°, 10°, 159, 209, 25°, 45°, and 759 F, The 
result of this cooperative study was publishsd ond reprints are available, 


It is realized that scasonal variations sare to be expected and variations 

in manufacturing practics undoubtedly result in variations in the product. 
Changes take place very slowly oat low temperatures and it is at these tempera= 
tures that more informetion is desired. With these questions in mind the 
storage study is continuing here at the U, S. Citrus Products Laboratory in 
Winter Heven. 

Last yoar tho samples included the four largest producers in Florida, This 
year samplés were sccured from ten plants employing all types of equipment 
now in use, 


The samples were secured in seach case from the plant and transported to the 
laboratory with dry ice, 


)Pacilities at this laboratory provide 35°, 20°, 15°, 10°, 5°, and 0° F., 


store £o6 


Analytical methods are much as described in the early publication except for 
the following: The concentrates are reconstituted to 12° Brix. Spded and 
refrigsration are employed to minimize time and temperature effects, 


Gelation is rscorded using the method suggested by the Citrus Expcriment 
Station at Lake Alfred, 


The pectinesterase activity is determined by the method suggested by 


Mr. Eugeno F, Janson of the Western Regional Research Laboratory. A des- 
eription of the method is attached to this suwmary. | 


In the 1949-50 scason no gelation was observed. In the 1950-51 season all 
samples gellod at 20° and 15°, but no galation was observed at 10°, 5°, or 


0° F. In tho current, 1951-52, season some somples gel promptly under favore 


able conditions and other semples show no indication of gelation. 


' The cloud retention as measured by cloud index shows a great difference in the 


Buantia. 


- behavior of individual samples. While some samples are surprisingly stable it 
would be rash to-consider storage specifications without regard for the most 


unstable samples, Tho lower storage temperatures promise to provide valuable 
information. The 35° F, accolerated storage charts the pattern for slower low 
tomperature storagso changos, The 35° F, storage approaches the treatmont con= 
esntrats micht receive in the housohold refrigerator. 
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So far there is noted a surprising variation between semples. Tho différence 
between semples is greater than the lergest seasonal variation measured, The ~ 
changes in the concentrate occur much more slowly at lower storags tompzratures, 


Interest has been indicated tin the method used for psctinesterase assay, This 
is brisfly described bolow, 


Method of Measuring Pectinesterase Activity Susgested by Mr. Bugene F, Jansen 


A 2-6 ml, aliquot of the reconstituted concentrate is placed in 20 ml. of 
1 peresnt pectin solutio chy a 225 M sodium chloride, The pH is brought 
to 7.5 with 0,1N sodiun Distilled water is added so that the total 
wolum? is about 40 ml, The steny vessel is placed in a constant temperature 
bath at 309° C. Agitation is provided by a stream of sir from which carbon 
dioxide is removed, Caprylic alcohol is used to eliminate foaning, 
Ths technique is to bring ths pH to just above 7.5, As the SH comes down 
hrouch 7.5 the time is recorded, Successive additions of 0,02N sodiun 
ach bringing the pH just above 7.5 provide readings of time and 

volume of alkali, This is continued until tho graph of volume and time pro 
vides the slope of a straight lino or until the number of gram millisquiva-~ 
lonts per minuts is practically constant. The size of the aliquot for ana- 
lysis is usually 2 ml. but more may be used if the poctinestsrass activity 

is low, ‘ho pempunt,of enzyme is chosen sufficient to require 1-3 ml, of 
0,02N Sodium SRPSKA in 10 minutes. 


Results are expressed in pectinestsrase units (PEu)ml. which represents 
the milligquivalents of ester hydrolyzed per minuts per millilitor of 
reconstituted concentrate under the’ conditions specifiod above Since 
these units aro very small it is convenient to tabulate them in i egcis of 
(PEu)ml. times 10%, 
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EFFECTS OF PROCESSING AND STORAGE TEMPERATURES 
ON VALENCIA ORANGE CONCENTRATES 
- by 
O. W. Bissett, M, K, Veldhuis, and N. B. Rushing 
U. S. Citrus Products Laboratory 
Winter Haven, Florida 


Frozen citrus concentrates are not pasteurized and as brought out by DuBois 
and Kew (Refrig. Eagin. 59, 772, 1951) are not stable above 0° F, In some 
cases storage at this low temperature is not available and it would seom 
desirable, if practi¢able, to develop concentrates which would be stable at 
a higher temperature, 


The objact of these experiments was to determine the effect of several levels 
of heat treatment on orange juices of different concentrations, 


Single strongth, two-fold, four-fold, and six-fold products wero prepared” 
from Valencia orangs juices, subjected to heat treatments of 120° PO0Y ties 
in 10° F, steps, canned hot and cooled under water sprays, Refersnco, un= 
heated semples were also prepared. Represmtative samples were pleced in 
O°, 35°, and 80° F, storage, 


Methods of evaluation included pectinestzrase activity, cloud stability, and 
bacteriological plate counts, 


The data indicated a regular decrease in pectinestcrase enzyme activity with 
increased treatment temperature in the range of 120 -1609 F, Troatments of 
160° F, inactivated 89-95 percent of the pectinestsrase originally present, 
There was little change in the residual activity with increased treatment 
temperatures from 160° up to and including 180° F,, represanting inastivations 
of 94-96 percent of the enzyme, Heat treatments of 190° F, inactivated 97 
percent or more while 200° F. was responsible for not less than 98 percent 


'pectinssterase enzyme inactivation, Undsr the conditions of the expsriment 
ym 


there would appear to be little advantage in heating to 180° over that of 
160° F, 


Plates counts on Lindogren's Agar indicated deerscasing numbers of organisms 
With increasing treatment temperatures up to 150° F, With troatments of 
160° F, ond above there were further reductions, but the differences were 


+ not so great. 
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The degradation of ths cloud in the oxpsrimenteal products, evaluated as a 
function of time in 35° F, storage, indicated that stability wos not attained 
by treatments of 140° F, or lsss, Treatments of 160° to 180° F, were suffi- 
“cient to stabilize the cloud in six-fold products only, while heating to 

190° and 200° F, effected cloud stabilization in all products regardless of 
concentration, 


It was observed that although enzyme inactivation appeared of a similar order 
for ony given heat trostnent regardless of concentration, cloud stability was 
attained in six-fold concentrates at lowsr processing temperatures than wore 


tee 
" for loss concontratod juices. 
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